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(57) Abstract 

A lossless optical component (2) includes having an input and at least one output. The optical component (2) comprises an 
operational portion (2b) and an amplifier portion (2a) upstream of the operational portion. The amplifier portion (2a) includes an 
optical amplifier (6) for amplifying optical signals received by the input. The optical amplifier (6) is provided with input optical 
wave guiding means (8) via which the optical amplifier is optically pumpable by a remote pump laser (8). The output of the opti- 
cal amplifier (6) is proportional to the loss of the operating portion (2b) of the optical component (2). 



FOR THE PURPOSES OF INFORMATION ONLY 



• 5° des to identify States party to the PCT on the front 
applications under the PCT. 



pages of pamphlets publishing international 



AT Austria 

AU Australia 

BB Barbados 

BE Belgium 

BP Burkina Faso 

BC Bulgaria 

BJ Benin 

BR Brazil 

CA Canada 

CF Central African Republic 

CC Congo 

CH Switzerland 

CI Cotcd'lvoire 

CM Cameroon 

BE Germany 

DK Denmark 

£S> Spain 



PI Finland 

PR France 

GA Gabon 

CB United Kingdom 

CN Guinea 

GR Greece 

HU Hungary 

IT Italy 

JP Japan 

KP Democratic People's Republic 

of Korea 

KR Republic of Korea 

U Liechtenstein 

LK Sri I .an lea 

IM Luxembourg 

MC Monaco 

MC Madagascar 



ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


PL 


Poland 


RO 


Romania 


SD 


Sudan 


SE 


Sweden 


SN 


Senega) 


Sli 


Soviet Union 


TD 


Chad 


TC 


Togo 


US 


United States of America 



WO 91/09475 



-1- 



PGT/GB90/01950 



. LOSSLESS OPTICAL COMPONENT 

This invention relates to a lossless optical 
component, such as an optical coupler or an optical 
splitter, for incorporation in an optical fibre 
communications network. - 

Throughout this specification, the term "optical" is 
intended to refer to that part of the electromagnetic 
spectrum which is generally known as the visible region, 
together with those parts of the infra red and ultra 
violet regions which are capable of being transmitted by 
dielectric waveguides such as optical fibres. 

An optical fibre communications network is used to 
distribute information (optical signals) from one or more 
transmitting stations to one or more receiving stations. 
For telecommunications purposes, passive optical networks, 
such as TPON (telephony by passive optical networks), are 
advantageous in that they permit telecommunications over a 
network using a single transmitter (a laser located at an 
exchange connected to the network). The main advantage of 
TPON is that no electric components are required in the 
field. A disadvantage of TPON is that it requires the use 
of optical splitters to pass optical signals from a 
transmitter (exchange) to a plurality of receiving 
stations (customers' telephones). TPON is, therefore, 
limited by the loss at the splitters (typically a TPON 
system will service only 32 customers per laser). One way 
to increase this ratio would be to incorporate optical 
amplifiers into the system. This could be achieved by 
amplifying the optical signals by means of optical 
amplifiers at one or more positions along the network, for 
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example by using a power amplifier at the transmitter, 
repeater amplifiers along the network paths , or 
pre-amplifiers at the receiving stations. In this 
connection, it should be noted that safety considerations 

- limit the maximum power which can be delivered by the head 
end (exchange) laser. 

& known type of optical amplifier employs an electric 
regenerator for boosting power to compensate for splitter 
losses. The disadvantages of electric regenerators are 
that they are expensive, directional and are not data 
transparent. Another known type of optical amplifier (the 
semiconductor laser amplifier) overcomes some of the 
disadvantages of using electric -regenerators, in that a 
semiconductor laser amplifier is bi-directional and data 
transparent. .Unfortunately, however, a semiconductor 

Jteser amplifier requires, an electrical power . source, and 
this detracts from the main advantage of TPON, namely 
having only passive components ifr'the field. 

The present invention, provides a lossless optical 
component having an input and at least one output, the 
optical component comprising an operational portion and an 
amplifier portion upstream of the operational portion, 
wherein the amplifier portion includes an optical 
amplifier for amplifying optical, signals received by the 
input, the optical amplifier being provided with input 
optical wave guiding means via which the optical amplifier 
is optically pumpable by a remote pump laser. 

Advantageously r the optical amplifier has a gain which 
is at least equal to the loss of the operating portion of 
the optical component. 

In a preferred embodiment, the optical amplifier is a 
doped fibre amplifier constituted by a length of Er 3+ 
doped fibre. Preferably, the input optical waveguiding 
means is connected to the doped fibre amplifier via a 
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first WDM, ana the first WDM is upstream of the doped 
fibre amplifier. In this case, the input may be connected 
to the first WDM, the doped fibre amplifier may be 
connected to the output via a second WDM, and the 
component may further comprise a filter downstream of the 
second WDM. 

Conveniently, the operational portion of the component 
is an optical splitter, and the optical component 
constitutes a lossless optical coupler. 

The invention also provides an optical system 
comprising an optical source, a lossless optical component 
and a pump laser, the lossless optical component being as 
defined above, the optical source being connected to the 
input of the lossless optical component, and the pump 
laser being connected to the input optical wave guiding 
means . 

Advantageously, the system further comprises an age 
unit, the age unit and pump laser being connected to the 
input optical waveguiding means by means of a further 
WDM. In the case where the input is connected to the 
first WDM, the input optical waveguiding means may be 
connected to the first WDM via another WDM, the downstream 
end of the doped fibre amplifier may be connected to said 
another WDM via a coupler. Preferably, the coupler is a 
10/90 coupler which directs 10% of the output of the doped 
fibre amplifier to said another WDM. Alternatively, where 
the first WDM is downstream of the doped fibre amplifier, 
the input may be connected directly to the upstream end of 
the doped fibre amplifier. 

Advantageously, the optical source is a laser which 
emits light at 1536nm, in which case the optical amplifier 
is arranged to have its maximum amplification at this 
wavelength. Alternatively, the optical source may be 
constituted by first and second lasers which are connected 
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to. the input by an input WDM and an optical wave guide. 
Preferably, the first laser emits light at 1300nm r and the 
second laser emits light at 1536nm. In this case, the 
optical amplifier is arranged to have its maximum 
amplification at a wavelength of 1536nm, the optical 
amplifier being transparent at I300nm. Conveniently, 
means are provided for modulating a plurality of radio 
carrier signals with video signals, and means are provided 
for mixing the modulated radio carriers, the resulting 
analogue signal being used to modulate the second laser. 
The pump laser may emit light at 1480nm. . 

Two forms of optical transmission system, each of 
which incorporates a lossless coupler constructed in 
accordance with the invention, will now be described in 
detail, by way of example, with reference to the 
accompanying drawings, in which s- 

Figure 1 is a schematic representation of the 
first form of optical transmission system? 

Figure 2 is a schematic representation of the 
amplifier unit which forms part of the system of 
Figure l? 

Figure 3 is a schematic representation showing a 
modified form of part of the system of Figure 1; 

Figure 4 is a schematic representation showing 
another modified form of part of the system of 
Figure 1; and 

Figure 5 is a schematic representation of the 
second form of optical transmission system. 
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Referring to the drawings, Figure 1 shows a passive 
optical network {TPON) system having a signal laser 1 
connected to a lossless coupler 2 by an optical fibre 3 
which defines a 2 km signal path 4 (shown schematically). 
The laser 1 is a distributed feedback (DFB) laser which 
emits light at 1536 nm. The lossless coupler 2 includes 
an amplifier unit 2a and 4-way splitter 2b. Each of the 
outputs of the splitter 2b leads to a respective 8-way 
splitter 5 (only one of vhich is shown). The system is 
such, therefore, the signals from the laser 1 can be 
transmitted to 32 receiving stations (not shown) 
associated with the outputs of the splitters 5. The 
amplifier unit 2a is arranged to provide sufficient 
amplification to signals arriving along the signal path 4 
to compensate for the loss associated with the splitter 
2b. This ensures that the power budget of the system is 
adequate to power the 32 receiving stations . 

The amplifier unit 2a (see Figure 2) includes a doped 
fibre amplifier 6 constituted by a length of Er 3+ doped 
fibre. The amplifier 6 is pumped optically by a high 
power pump laser 7, via a dedicated optical fibre 8. The 
laser 7 is a 40mW, 1480nm laser, though a higher power 
laser could be used with advantage. Because of the high 
power of the pump laser 7, the optical fibre 8 needs to be 
protected and armoured to protect personnel from the high 
light levels carried thereby. The optical fibre 8 
(termed the optical main) is, therefore, analagous to an 
electric power cable, and the optical fibre 3 is analagous 
to an electrical signal .cable. As with electrical 
connections , the optical signal and power fibres 3 and 8 
are kept separate, and are clearly marked accordingly. 

The amplifier unit 2a also includes two WDMs 9a and 9b 
positioned at opposite ends of the fibre amplifier 6. The 
WDM 9a multiplexes the 1480 nm pump and the 1536nm signal. 
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and inputs the multiplexed light to the fibre 
amplifier 6. The WDM 9b demultiplexes the light amplified 
by the amplifier 6, and outputs the demultiplexed light to 
a ferrule filter 10. The filter 10 is a band pass filter 
having a narrow pass range of 1530nm to 1540mm (though 
this could, with advantage, be narrower), and so is 
effective to filter out any excess light from the pump 
laser 7. The filter 10 also removes noise, that is to say 
any unwanted spontaneous emissions from the doped fibre 
amplifier 6. 

The amplifier 6 has a gain of 6dB which is just 
sufficient to compensate for the loss in the splitter 2b. 
Consequently, the coupler 2 is essentially a lossless 
coupler. This lossless coupler 2 has a number of 
important advantages, namely 

(i) It utilises an optical amplifier 6 that 
amplifies the signal directly without recourse 
to electronics. 

(ii) The amplifier 6 is pumped optically from a 
remote position, so there is no need for a 
separate power supply for the amplifier in the 
cabinet which houses the coupler 2. 

(iii) By removing the loss associated with the first 
splitter 2b, power levels are maintained fairly 
constant throughout the system, and this leads 
to a safer system which is easier to maintain. 
It also facilitates the location of faults. 

(iv) The increased power available downstream of the 
splitter 2b facilitates extension of the system. 
Thus, the system could support a greater 
splitting ratio, so that up to 128 customers 
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could be serviced by a single laser. The 
increased power also permits the use of cheaper 
components (such as low power lasers and cheaper 
receivers), thereby making the system more 
cost-effective. 

(v) It is bi-directional r and can be used with both 
digital and analogue systems. 

The amplifier unit 2a is a co-propagating amplifier, 
that is to say the pump power passes along the fibre 
amplifier 6 in the same direction as the signal. The 
co-propagating amplifier could, however, be replaced by a 
counter-propagating amplifier, that is to say one in which 
the pump passes along the fibre amplifier 6 in the 
opposite direction to the signal. A co-propagating 
amplifier has the advantage of being optically quieter 
than a counter-propagating amplifier, but has the 
disadvantage of requiring additional optical filtering 
downstream (in the direction of signal propagation) of the 
amplifier to remove excess pump power. Conversely, a 
counter-propagating amplifier has the disadvantage of 
being relatively optically noisy, but has the advantage of 
not requiring optical filtering (except perhaps upstream 
of the amplifier at, for example, a head end receiver). A 
counter-propagating amplifier also has the advantage of a 
higher output power. 

Although the coupler 2 described above is inherently 
lossless when initially installed, this may not be the 
case as the system ages. The reasons for this are:- 

(a) Lasers age, reducing their output power with 
time. Although this is not normally too much of a 
problem, this is not the case with a pump laser. Thus, 
the gain of the amplifier 2a is exponentially dependant 
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upon the pump power, so that a small change .in pump power 
leads to a much larger change in the output of the 
amplifier. 

(b) The fibre link 8 to the coupler 2 is sensitive 
to environmental effects. Thus, although a O.SdB change 
in fibre loss is insignificant to a normal system, this 
deviation in pump power would be serious. For example, if 
the amplifier 2a has a gain of 20dB, a 0.5dB decrease in 
pump power reduces the amplifier gain to about 18dB. 

fin obvious solution to these ageing problems is to 
sample the output by reflecting some of the amplifier 
output back towards the pump laser. Unfortunately, this 
is not practical with a fibre amplifier, as the reflection 
will cause the amplifier to oscillate, that is to say to 
act as a laser. 

Figures 3 and 4 show two solutions to- the ageing 
problems, both of these solutions relying upon automatic 
gain control (age) to stabilise the output power of the 
amplifier. Thus, Figure 3 is a schematic representation 
of that part of a TPOH system which is equivalent to the 
system of Figure 1 from its head end to its amplifier 
unit. Figure 3 shows a signal laser 11 connected to an 
amplifier unit 12a by an optical fibre 13. The amplifier 
unit 12a includes a doped fibre amplifier 16 constituted 
by a length of ER 3+ doped fibre. The amplifier 16 is 
pumped optically by a high power pump laser 17, via a 
dedicated optical fibre 18. A WDM 19a. upstream of the . 
amplifier 16 connects the amplifier to the fibre 13 and 
18, an additional WDH 19c being positioned in the fibre 18 
leading to the WDH 19a. The pump laser 17 and an age unit 
20 are connected to the fibre 18 by means of a further WDH 
19d. A 90/10 coupler 21 downstream of the amplifier 16 
feeds 10% of the amplifier's output to the WDH 19c. 
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The arrangement shown in Figure 3 operates in the 
following manner. As with the embodiment of Figures 1 and 
2, pump power travels to the amplifier 16 separately from 
the signal. Pump power travels through the WDMs 19c and 
19a to reach the amplifier 16, and 10% of the amplifier's 
output (the returned signal) is fed back to the fibre 18 
via the WDH 19c. The WDM I9d separates the returned 
signal from the outgoing pump laser signal and feeds it to 
the age unit 20. If this unit 20 detects a drop in the 
returned signal (which is proportional to a drop in the 
amplified signal leaving the amplifier unit 12a), it 
increases the output of the pump laser 17 to compensate 
for the fall in the output of the amplifier 16. In this 
way, the output of the amplifier unit 12a is stablised. 
apart from this, the main advantage of this arrangement is 
that it is very stable, and so is usable with both 
co-propagating and counter-propagating amplifiers. One 
possible disadvantage, which may be important in some 
configurations, is its component count and hence its 
cost, also, pump power has to pass through three WDHs, 
and so will suffer extra loss before it reaches the 
amplifier unit 12a. 

Figure 4 shows an alternative age stabilised 
arrangement which has a lower component count. This 
arrangement is similar to that shown in Figure 3, so like 
reference numerals will be used for like parts, and only 
the parts which are different will be described in 
detail. Thus, the amplifier 16 of the Figure 4 
arrangement is a counter-propagating amplifier, so the WDH 
19a is positioned downstream of the amplifier. This 
arrangement relies on the inherent imperfections of WDHs 
which allows a small amount of the output signal of the 
amplifier 16 to "leak" across the WDH 19a into the fibre 
18, and hence back to the age unit 20 via the WDH 19d. As 
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mentioned above, the main advantage of this arrangement is 
its low component count. A possible disadvantage of the 
arrangement is its reliance on the stability of the WDM 
19a. If this drifts more than negligibly, the age 
reference signal (that is to say the returned signal) will 
change, thus altering the output of the amplifier 16. 

The arrangements of Figures 3 and 4 each use an age 
unit which relies on an ac age technique. The reason for 
using an ac technique is as follows. Generally an age 
unit compares the output signal of a component to be 
regulated with a set reference, and changes the gain of 
the amplifier to keep this constant. The simplest method 
is to detect the mean output of the signal , that is to say 
the "dc 1 level. Unfortunately, this technique has 
problems when used with a fibre amplifier, because of 
spontaneous emission, and the excess, pump, light. The age 
unit cannot distinguish between the signal and these other 
sources. One option is to use optical filtering, but this 
limits the bandwidth over which the unit can be used. 

The ac technique involves adding a small extra 
amplitude modulation on top of the normal signal. This 
will not interfere with the most popular transmission 
methods (digital or frequency modulation). The age unit 
is sensitive to signals only at this frequency. Hence, 
the excess pump and spontaneous emission, which are 
essentially constant, are ignored. This needs no optical 
filtering and so the full optical bandwidth of the 
amplifier can be used. 

As the type of lossless coupler described above is 
bi-directional, systems can be constructed which permit 
two separate types of signal to be carried with different 
power budgets at different frequencies. A system of this 
type will now be described with reference to Figure 5. 
Figure 5 shows a passive optical network system having two 
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signal lasers 31a and 31b connected to a lossless coupler 
32 by an optical fibre 33 and a WDM 34 which multiplexes 
the signals from the two lasers onto the optical fibre. 
The laser 31a is a Fabry Perot laser which emits light at 
1300 nm, and the laser 31b is a DFB laser which emits 
light at 1536nm. The laser 31a is a standard TPON laser, 
so that the network can operate as a TPON network (ie. a 
2-way time multiple access 20Hb/s digital telephony 
system)- The laser 31b is used to upgrade the network to 
BP0N (broadband passive optical network), in a manner 
described below. 

The lossless coupler 32 includes an amplifier unit 32a 
and a 4-way splitter 32b, these devices being identical to 
the corresponding parts of the coupler 2 of Figures 1 and 
2. Thus, the amplifier unit 32a includes a fibre 
amplifier and a pair of WDHs. The WDKs pass both 1.55*im 
and 1.3m signals, the 1.55wm signal being amplified 
whilst the 1.3*zm signal can pass through the amplifier 
with little loss. The amplifier is pumped optically by a 
high power (40mW, I480nm) laser 37, via a dedicated 
optical fibre 38. As with the embodiment of Figures 
1 and 2, each output of the splitter 32b leads to a 
respective 8-way splitter 35 (only one of which is shown), 
so that the system can service 32 receiving stations 39 
(only one of which is shown) via respective output fibres 
40. Each receiving station 39 includes a WDH 41 for 
demultiplexing the 1300nm and 1536nm signals carried by 
the associated fibre 40. The WDH 41 has two output fibres 
42a and 42b which lead respectively to a telephone 
instrument 43 and a receiver 44. The receiver 44 is a low 
cost PIN receiver which feeds signals to a down converter 
45 to recover BPON signals. 

BPON permits the transmission of many (16 or 32 
typically) channels of video on a sub-carrier multiplexed 
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system. In the embodiment shown in Figure 5, 16 or 32 
radio carriers at 950 - 1750 HHz are modulated, at 46, 
with video signals. The modulated carriers are then mixed 
together, and the resultant analogue signal is used to 
modulate the laser 31b for transmission down the optical 
fibre 33. The amplifier and associated WDMs are 
transparent at 1300nm, so TPON signals are unaffected by 
the lossless coupler 32. This permits the network to 
carry both TPON and BPON signals, with both transmitters 
(the lasers 31a and 31b) being situated at the head end 
(the exchange). This is an improvement over known BPON 
systems, which require four lasers to service 32 

r -~ — — *~JL -» w*. A. *-<j Ui. W *J LCtjUXiCO 

one laser per 32 customers. As the lasers needed for BPON 
cost about £3000, it will be apparent that the system of 
Figure 3 gives a substantial cost saving* The system 
could also be extended, for example to complement TPON 
systems in which 12B customers are serviced by a single 
TPON laser, by increasing the splitting ratio for both 
TPON and BPON signals. Furthermore, known BPON systems 
require the use of expensive avalanche photodiodes (APDs) 
at the receiving stations instead of the cheap PINs used 
in the system of Figure 5. Here again, therefore, the 
system of the invention leads to a substantial cost 
reduction. This system has the additional advantage that 
an entire TPON network can be installed with lossless 
couplers adapted to amplify BPON signals, and this network 
can be subsequently converted to dual TP0N/BP0N operation 
merely by the addition of the BPON transmission equipment 
and the pump laser at the exchange. 

It would, of course, be possible to modify the system 
of Figure 5 by the inclusion of an age unit in association 5 
with the pump laser 37. In this way, the output of the 
amplifier unit 32a can be stablised, even over extended 
periods of use. 
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It would also be possible to operate both TPOM and 
BPON at about 1500nm, in which case both types of signal 
would be amplified at the lossless coupler. 
Unfortunately, this would required the use of very narrow 
c hann el spacing demultiplexers (one per customer) and this 
would, at the present time, be prohibitively expensive. 

An important advantage of using lossless couplers in 
optical transmission networks, is that they permit the use 
of any combination of simplex, duplex, analogue and 
digital transmission systems. Moreover, because this type 
of lossless coupler incorporates an optical amplifier, it 
does not require conversion to electronics for signal 
amplification. Consequently, this type of lossless 
coupler is data transparent, that is to say it permits 
data to be transmitted at any data transmission rate. 
This is to be compared with known arrangements which 
incorporate electrical amplifiers (regenerators) which 
operate successfully only over a narrow range of data 
transmission rates.. 

although the signal lasers 1, 11 and 31b are stated to 
emit light at 1536nm r it will be understood that these 
lasers could emit light at other wavelengths, typically 
within the range of from 1530nm to 1565nm. 
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CLAIMS 

1. A lossless optical component having an input and at 
least one output, the optical component comprising an 
operational portion and an amplifier portion upstream of 
the operational portion, wherein the amplifier portion 
includes an optical amplifier for amplifying optical 
signals received by the input, the optical amplifier being 
provided with input optical wave guiding means via which 
the optical amplifier is optically pumpable by a remote 
pump laser- 

2. an optical component as claimed in claim 1, wherein 
the optical amplifier has a gain which is at least equal 
to the loss of the operating portion of the optical 
component. 

3. An optical component as claimed in claim l or claim 2, 
wherein the optical amplifier is a doped fibre amplifier. 

4. An optical component as claimed in claim 3, wherein 
the doped fibre amplifier is constituted by a length of 
Er 3+ doped fibre. 

5. An optical component as claimed in claim 3 or claim 4, 
wherein the input optical waveguiding means is connected 
to the doped fibre amplifier via a first WDH. 

6. An optical component as claimed in claim 5, wherein 
the first WDH is upstream of the doped fibre amplifier. 

7. An optical component as claimed in claim 7, wherein 
the input is connected to the first WDH. 
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8. An optical component as claimed in claim 6 or claim 7, 
wherein the doped fibre amplifier is connected to the 
output via a second WDM. 

9. An optical component as claimed in claim 8, further 
comprising a filter downstream of the second WDH. 

10. An optical component as claimed in claim 5, wherein 
the first WDH is downstream of the doped fibre amplifier. 

11. An optical component as claimed in any one of claims 1 
to 10, wherein the operational portion of the component is 
an optical splitter, and the optical component constitutes 
a lossless optical coupler. 

12. A lossless optical coupler substantially as 
hereinbefore described with reference to, and as 
illustrated by, Figures 1 and 2 of the accompanying 
drawings. 

13. An optical system comprising an optical source, a 
lossless optical component and a pump laser, the lossless 
optical component being as claimed in any one of claims 1 
to 12, the optical source being connected to the input of 
the lossless optical component , and the pump laser being 
connected to the input optical wave guiding means. 

14. A system as claimed in claim 13, further comprising an 
age unit, the age unit and pump laser being connected to 
the input optical waveguiding means by means of a further 
WDH. 

15. A system as claimed in claim 14 when appendant to 
claim 7, wherein the input optical waveguiding means is 
connected to the first WDH via another WDH. 
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16. A system as claimed in claim 15, wherein the 
downstream end of the doped fibre amplifier is connected 
to said another WDM via a coupler. 

17. A system as claimed in claim 16, wherein the coupler 
is a 10/90 coupler which directs 10% of the output of the 
doped f jJbre amplifier to said another WDM. 

18. A system as claimed in claim 14 when appendant to 
claim 10, wherein the input is connected directly to the 
upstream end of the doped fibre amplifier. 

19. A system as claimed in any one of claims 13 to 18, 
wherein the optical source is a laser which emits light at 
1536nm. 

20. A system as claimed in any one of claims 13 to 18, 
wherein the optical source is constituted by first and 
second lasers which are connected to the input by an input 
WDM and an optical wave guide. 

21. A system as claimed in claim 20, wherein the first 
laser emits light at 1300nm, and the second laser emits 
light at 1536nm. 

22. A system as claimed in claim 21 when appendant to 
claim 8, wherein the first ahi second WDHs pass light at 
1300nm and at 1536nm. 

23. A system as claimed in claim 21 or claim 22, wherein 
means are provided for modulating a plurality of radio 
carrier signals with video signals, and means are provided 
for mixing the modulated radio carriers, the resulting 
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analogue signal being used to modulate the second laser. 

24. A system as claimed in any one of claims 13 to 23, 
wherein the pump laser emits light at 1480nm. 

25. An optical system substantially as hereinbefore 
described with reference to, and illustrated by. Figures 1 
and 2, Figures 1 and 2 as modified by either of Figures 3 
and, or Figure 5 of the accompanying drawings. 
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